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Abstract
The aim of this study was to develop and validate a rapid and sensitive real-time PCR method for detection of all known species of
dermatophytes, including identiﬁcation of Trichophyton rubrum and Trichophyton interdigitale. Fungal DNA was extracted directly from clinical
samples by using a pre-lysis step, followed by automated DNA extraction on the MagNA Pure Compact. In total, 202 clinical samples were
examined by both conventional culture and by the new PCR method. In 103 (51%) of the samples fungal nucleic acid was detected by PCR,
while only 79 (39%) were found to be positive by culture. Out of 103 PCR-positive clinical samples, 94 (91%) were identiﬁed as T. rubrum
and eight (8%) as T. interdigitale. This real-time PCR is far more sensitive and 2–4 weeks faster than conventional culture for detection of
dermatophytes present in clinical samples.
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Introduction
The dermatophytes are a group of closely related keratino-
philic moulds that may infect human skin, nails and hair. Three
anamorphic (asexual) genera are known among the dermato-
phytes: Epidermophyton, Microsporum and Trichophyton [1].
Infected nail plates, onychomycosis, is often caused by
Trichophyton rubrum and Trichophyton interdigitale while T. vio-
laceum and T. soudanense are the most common pathogens in
tinea capitis [2]. The conventional method for screening of
dermatophytes in clinical samples is potassium hydroxide
(KOH) direct microscopy followed by culturing on selective
medium. Microscopy directly on clinical specimens is a fast
screening method for fungal structures, but it lacks speciﬁcity
[3]. For identiﬁcation of cultured dermatophytes, different
morphological characteristics and structures such as colony
pigmentation, texture, growth rate, presence of microconidia
and/or macroconidia, spirals, pectinate branches, pedicels and
nodular organs are used [1]. Culturing of clinical samples is
often time-consuming due to the slow growth rate of
dermatophytes. Culture usually takes 1–4 weeks. It also
requires long-term skills to be able to pinpoint the correct
identity of dermatophytes by morphology [4]. Furthermore,
the culture method is less sensitive than direct microscopy. Of
the samples that are positive by direct microscopy, only 40%
show positive results by culturing [5].
In recent years, several diagnostic methods for identiﬁcation
of dermatophytes directly from clinical samples using molec-
ular biology-based methods have been published. Different
techniques have been used, such as PCR-reverse line blot
(PCR-RLB) [6], real-time PCR using sets of species-speciﬁc
primers and probes [7–10], multiplex PCR with pan-derma-
tophyte primers that are combined with species-speciﬁc
primers for T. rubrum [5], multiplex PCR with species
identiﬁcation by product length visualized on agarose-gel
[11], pan-dermatophyte nested PCR [3,12], nested PCR
followed by sequencing of the 28S rDNA gene [13],
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oligonucleotide arrays [14] and PCR-ELISA test [15]. The
genes most frequently used as the main targets for dermato-
phyte PCR are: the Chitin Synthase 1 (CHS1) gene [5,16], the
ITS regions in the rDNA gene [5,8,10,17,18] and the
topoisomerase II gene [19,20]. In the last couple of years,
the ﬁeld of fungal characterizations by matrix-assisted laser
desorption/ionization time-of-ﬂight mass spectrometry
(MALDI-TOF) has been explored [21,22].
In this paper we present a method for automated DNA
extraction of dermatophytes directly from clinical samples
such as nails and skin scrapings. We also established a
qualitative real-time PCR method, based on melting-point
analysis, for detection of all dermatophytes and speciﬁc
identiﬁcation of T. rubrum and T. interdigitale. The use of
melting point analysis with SYBR Green for detection and
identiﬁcation of dermatophytes has not been published earlier.
This method has a high detection rate, is fast, cheap and easy
to perform in a routine diagnostic laboratory. The turnaround
time is 2.5 h.
Materials and Methods
Strains and clinical isolates
Three reference strains of dermatophytes were used: T. ru-
brum (CCUG 36833), T. interdigitale (CCUG 36832) and
T. tonsurans (CCUG 35517). Cultured clinical isolates were
obtained from the clinical microbiology laboratories at Unilabs
AB in Sk€ovde and Eskilstuna, Sweden: Trichophyton violaceum
(1), T. interdigitale (3), T. rubrum (1), T. tonsurans (5), T. soudan-
ense (3), T. verrucosum (3), Microsporum canis (1), M. gypseum
(1),M. audouinii (2) and Epidermophyton ﬂoccosum (1). All clinical
isolates were cultured and identiﬁed by observation of macro-
and micromorphology according to conventional methods.
Other fungi used for the validation were reference strains of
Candida albicans (ATCC 60193), C. tropicalis (ATCC 75081),
C. glabrata (ATCC 90030), C. parapsilosis (CCUG 42762),
C. krusei (CCUG 35869), Aspergillus fumigatus (CCUG 35874)
and A. niger (ATCC 16404).
Clinical samples
A total of 202 clinical samples received for routine analysis at
the Unilabs microbiology laboratory at the regional hospital in
Sk€ovde between March and August 2011, were included in the
study. The only criterion for inclusion in the study was that the
sample consisted of a sufﬁcient amount of material to allow
analysis by both culture and PCR. The composition of the
collected samples was 152 nails, 42 skin samples, four hair
samples, two nail and skin samples, one hair and skin sample
and one sample of unknown origin.
Culture of clinical samples
The clinical samples of nails, skin and hair were cultured on
Sabouraud dextrose agar and Dermatophyte Test Medium
(containing antibiotics) and incubated at 30°C for 1–4 weeks.
The colonies were then identiﬁed by macro- and micromor-
phological characteristics according to conventional methods.
The 202 clinical samples were not analysed by direct micros-
copy, because the method is not routinely performed in our
laboratory.
DNA extraction from isolates
The reference strains and clinical isolates of dermatophytes
were cultured on Sabouraud dextrose agar at 30°C for
2 weeks. A small piece of the dermatophyte was then cut
out from the agar and put in an eppendorf tube. The tube
was incubated for 20 min at 65°C with 180 lL MagnaPure
Bacteria Lysis Buffer (Roche, Mannheim, Germany), 20 lL
Proteinase K (Qiagen, Hilden, Germany) and 300 lL of
dH2O. After pre-lysis, automated DNA extraction was
performed by using 400 lL of the supernatant in the
MagNA Pure Compact nucleic acid extraction instrument
(Roche) using the protocol DNA_Bacteria_V3_2 and the
extraction kit MagnaPure Compact Nucleic Acid Isolation kit
I (Roche). The extracted DNA was eluted in 100 lL of
buffer.
The reference strains of moulds were subcultured on
Sabouraud dextrose agar and incubated for 48 h at 30°C. The
moulds were then stored at room temperature for 1 week to
produce spores. To collect the spores, 2 mL of dH2O was
spread over the plate and the suspension was collected in an
eppendorf tube; 400 lL of the suspension was used for
MagNA Pure Compact extraction and pre-treated as the
dermatophytes mentioned above.
The reference strains of yeasts were subcultured on
Sabouraud dextrose agar and incubated for 48 h at 30°C.
One colony of each yeast was dissolved in 400 lL dH2O and
DNA was extracted in the MagNA Pure Compact as described
above.
DNA extraction from clinical samples
Clinical samples were delivered to the laboratory in sterile
glass or plastic tubes. To every original collecting tube, 180 lL
MagnaPure Bacteria Lysis Buffer (Roche), 20 lL Proteinase K
(Qiagen) and 300 lL of dH2O was added. The tubes were
incubated for 20 min at 65°C on a heating block. After pre-
lysis, 400 lL of the supernatant was used for nucleic acid
extraction on the MagNA Pure Compact using the protocol
DNA_Bacteria_V3_2 and the MagnaPure Compact Nucleic
Acid Isolation kit I (Roche), duration 30 min. DNA was eluted
in 100 lL of buffer.
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Real-time PCR
In order to ﬁnd homologous regions suitable for primer design
of a pan-dermatophyte PCR, multiple alignments of the Chitin
Synthase 1 gene (CHS1) were performed with the software
MegAlign (DNASTAR, Madison, Wisconsin, USA). Primers
already published by others were also included in the
alignment. In order to ﬁnd species-speciﬁc primers for
T. rubrum and T. interdigitale, a multiple alignment of ITS
regions of the rDNA gene was performed, including the most
common dermatophytes.
In the pan-dermatophyte PCR, the primers PandermF
(published as a reverse primer JR2 by Garg et al.) and
PanDerm2 (published by Brillowska-Dabrowska et al.) were
found from a reference. In the duplex PCR, species-speciﬁc
primers were used. Primers speciﬁc to T. rubrum were
Trubrum-rev (published by Brillowska- Dabrowska et al.) and
Trubrum-F. The new forward primer, named Trubrum-F, was
designed using the software Primer-BLAST (NCBI, Bethesda,
Maryland, USA). Primers speciﬁc to T. interdigitale were named
Tmenta-F and Tmenta-R, and were designed using the
software Primer-BLAST. Primer sequences and references
are presented in Table 1.
A real-time PCR was performed using the primers for the
pan-dermatophyte PCR in one vial as a single reaction.
Simultaneously, a duplex PCR was performed with two
separate sets of primers for T. rubrum and T. interdigitale in a
second vial. The PCR mixtures contained 10 lL of Platinum
SYBR Green qPCR SuperMix-UDG (Invitrogen, Groningen,
the Netherlands), 0.5 lM of each primer and 2 lL of template
DNA. To achieve the reaction volume of 20 lL, dH2O was
added subsequently. The PCR instrument used was a Rotor-
Gene 6000 (Version 6.0, Corbett Research, Sydney, Australia),
with the following time-temperature proﬁle: one initial cycle of
UDG-activation for 2 min at 50°C and one cycle of initial
denaturation for 2 min at 95°C, followed by 35 cycles of 3 s at
95°C, 30 s at 60°C. The melting curve proﬁle consisted of 30 s
hold on the ﬁrst step and then 5 s hold for every half degree
from 65 to 95°C. Total run-time for the PCR is 90 min. The
pan-dermatophyte single reaction and the species-speciﬁc
duplex reaction were run in the same instrument at the same
time, but in separate vials. The PCR products from T. rubrum
and T. interdigitale were separated by their difference in melting
temperature. The composite PCR method presented in this
article consists of two separate PCR tests run in parallel for
each clinical sample: one vial with a single pan-dermatophyte
primer-pair and a second vial with two pairs of species-speciﬁc
primers, making the latter a duplex PCR. The composite PCR
method yields a positive result if either of the two PCR tests is
positive and a negative result when both tests are negative.
This is called an OR scheme.
Sequencing of the ITS1 region
To examine divergent results from the PCR and culture tests,
sequencing of the ITS1-region from the extracted DNA was
performed, using the primers published by Bergman et al. [23].
The kit used for this reaction was the ABI PRISM Big Dye
Terminator 3.1 Cycle Sequencing Kit (Applied Biosystems,
Foster City, CA, USA).
Latent class analysis
The PCR tests were evaluated in comparison with the culture
method. Real infection status is not known and the culture
method is not a ‘reference standard’; therefore the classical
evaluation of test values in a 2 9 2 table is impossible. Instead
latent class analysis (LCA) was used to estimate prevalence,
sensitivity and speciﬁcity of the tests [24]. “TAGS”, a program
for the evaluation of test accuracy in the absence of a reference
standard, was used to perform the analysis, available at: http://
www.epi.ucdavis.edu/diagnostictests/QUERY.HTM [25]. The
selected LCA model was that of three tests (culture, pan-
dermatophyte PCR and duplex PCR), one population (all 202
clinical samples) and one latent class (the prevalence of
dermatophytes). LCA requires at least three tests when there
is only one population; this is why the two PCR tests were
evaluated separately against the culture method [25]. The input
data are shown in Table 2. From the results of LCA, positive
predictive value (PPV) and negative predictive value (NPV)
were calculated for the three tests and for a composite method
using both PCR methods in parallel. For the composite PCR
method, sensitivity and speciﬁcity were also calculated [26].
Results
All dermatophytes (both clinical and reference strains) were
positive in the pan-dermatophyte PCR while yeasts and moulds
TABLE 1. Primer sequences used
for the pan-dermatophyte and the
duplex PCR
Primer Primer-sequence Reference
PandermF 5′-CAACTCTCACAGATGGTTCTTCC-3′ Garg et al. (2007)
PanDerm2 5′-CTCGAGGTCAAAAGCACGCCAGAG-3′ Brillowska- Dabrowska et al. (2007)
Trubrum-F 5′-GGACGCGCCCGAAAAGCAGT-3′ This paper
Trubrum-rev 5′-CGGTCCTGAGGGCGCTGAA-3′ Brillowska-Dabrowska et al. (2007)
Tmenta-F 5′-ACGTCCGTCAGGGGTGAGCA-3′ This paper
Tmenta-R 5′-CGCGGTCCAGCGTTTAGCCA-3′ This paper
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were negative as expected. In the duplex PCR, using
species-speciﬁc primers for T. rubrum and T. interdigitale, only
strains of these dermatophytes were ampliﬁed and their speciﬁc
PCR products were separated successfully by melting-point
analysis. The T. rubrum-speciﬁc product melts at 87.8°C and the
PCR product from T. interdigitale melts at 89.4°C (Fig. 1).
Out of 202 clinical samples tested by both culture and the
composite PCR method, 103 samples were positive by PCR
while only 79 were positive by culture. In total, 96 samples
(47%) were negative by both PCR and culture, and 75 samples
(37%) were positive by both methods (Table 3). Three
discrepant samples, one nail and two skin samples, were
positive by culture, but could not be conﬁrmed by PCR. The
nail sample was identiﬁed as dermatophyte, and the skin
samples were identiﬁed as T. violaceum and T. rubrum, respec-
tively, by morphology.
Out of the 103 PCR-positive clinical samples, 94 (91%) were
identiﬁed as T. rubrum and eight (8%) as T. interdigitale. Only
one sample, a skin specimen, was positive in the pan-
dermatophyte PCR, but negative in the duplex PCR, indicating
presence of a dermatophyte, but a species other than
T. rubrum or T. interdigitale. This sample was also negative by
culturing. In order to identify this sample to the species level,
sequencing of the ITS region was attempted, but the concen-
tration was too low for the ampliﬁed product to be sequenced.
Almost all PCR-positive samples (102 out of 103) could be
identiﬁed to the species level in the duplex PCR, but only 92
were positive in the pan-dermatophyte PCR (Table 4).
Out of 79 positive samples by culture, 75 samples were
identiﬁed to the species level (Table 4). Out of four hair
samples and one hair and skin sample, none was positive by
culture or PCR (Table 4).
Of the 75 samples that were positive by both PCR and
culture, ﬁve samples were identiﬁed as different species by the
two methods. Two nail samples were identiﬁed as T. rubrum by
culture and as T. interdigitale by PCR, one skin sample was
identiﬁed as T. violaceum by culture and as T. rubrum by PCR,
one nail was identiﬁed as T. interdigitale by culture and as
T. rubrum by PCR, and the last nail was identiﬁed as
T. tonsurans by culture but as T. interdigitale by PCR.
Two of the four clinical samples that were identiﬁed as
Trichophyton spp by morphological typing and as T. rubrum by
PCR,were successfully sequenced. Both sampleswere identiﬁed
as T. rubrum by sequencing. One of the nail samples that was
identiﬁed as T. rubrum by morphological typing and as T. inter-
digitale by PCR, was also successfully sequenced and identiﬁed as
T. interdigitale. The obtained results from the sequencing anal-
yses conﬁrmed the results from our real-time PCR assay.
In six dermatophyte-negative samples there were other
ﬁndings by culture; three yeasts and three moulds were
detected. One of the yeasts was found in a skin sample, the
other ﬁndings were from nails.
One sample from a patient using antimycotic nailpolish was
negative by culture, negative in pan-dermatophyte PCR but
positive by duplex PCR. The recommendation from our
laboratory is, for all types of culture, that sampling should be
performed before start of treatment.
Pattern Culture
Pan-dermatophyte
PCR Duplex PCR
Observed
frequency
1 Positive Positive Positive 70
2 Positive Positive Negative 0
3 Positive Negative Negative 6
4 Negative Positive Positive 21
5 Positive Negative Negative 3
6 Negative Positive Negative 1
7 Negative Negative Positive 5
8 Negative Negative Negative 96
TABLE 2. Input data for the LCA
model. Observed frequency of sam-
ples exhibiting different result pat-
terns of the three tests analysed in
the model
FIG. 1. The different PCR products are separated by melting-point
analysis, which enables dermatophyte detection and species identiﬁ-
cation.
TABLE 3. Results from conventional culture versus PCR-
based detection of dermatophytes
Culture
Positive Negative
Composite PCR
Positive 76 27 103
Negative 3 96 99
79 123 202
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Prevalence, sensitivity and speciﬁcity were estimated by
LCA for the three tests.
The results from LCA, and further calculations, show high
sensitivity and speciﬁcity for PCR methods and the composite
PCR method. Culture has high speciﬁcity but moderate
sensitivity (Table 5). LCA estimated the prevalence of derma-
tophytes as 49% with a 95% conﬁdence interval of 7%.
Discussion
The automated DNA extraction and composite real-time PCR
assay described above is shown to yield more positive ﬁndings
than the conventional culture method (51% vs. 39%).
The dermatophyte real-time PCR also achieved a higher
rate of identiﬁcation to the species level, than the conventional
culture method (51% vs. 37%). The j-coeffecient calculated
from the results in Table 3 was 0.69. This value shows that the
two methods, culture and our PCR assay, have a good
agreement [27].
PCR has been shown by others to be a more sensitive
method than culture in detection of dermatophytes from
clinical samples [5,8,20]. It is therefore likely that the PCR-
positive samples, not conﬁrmed by culture, are true positive
samples. It is common to obtain negative culture results from
patients with dermatophytosis, due to difﬁculties associated
with the sampling technique [4]. An inherent trait of PCR is
that non-viable cells with intact nucleic acid will be detected
rendering a more sensitive test; the PCR-test is therefore less
vulnerable to poor sample quality than culturing.
In our study, there were 11 samples that showed negative
results in the pan-dermatophyte PCR, out of 102 samples
typed by the duplex PCR. The higher detection rate of the
duplex PCR is probably due to multiple copies of the rDNA
gene targeted by the species-speciﬁc primers. For all positive
samples, it was also observed that the Ct-value for the duplex
PCR was approximately two cycles lower than the Ct-value for
the pan-dermatophyte PCR, indicating that the duplex PCR
test is more sensitive (Fig. 2).
Out of the PCR-positive clinical samples in our study, 91%
were identiﬁed as T. rubrum and 8% as T. interdigitale. These
results correlate well with the results published by M€ugge et al.
[28], where examination of 5077 ﬁnger- and toenails from
patients in Germany was performed.
We also observed that three samples, which were positive
by culture, gave negative results by PCR. The DNA from these
samples was diluted 10 and 100 times to examine if there were
any PCR inhibitors present in the DNA extract. The samples
and dilutions stayed negative, which suggests that there was no
inhibition of the PCR reaction. The samples were taken from
the same vial, but the material for PCR is not identical to the
pieces of sample that have been processed and analysed by
culture.
Regarding the ﬁve samples that were identiﬁed as different
species by PCR and by morphological typing, there are some
possible explanations. The divergent results could be
explained by double infection. The fact that PCR and culture
were performed on samples from the same tube, but not on
the exact same nail or skin fragment, could also be another
explanation. One possibility is that the pieces examined by the
different methods could have been derived from different
parts of the body. The isolates were not stored and therefore
could not be further examined. One nail sample that was
identiﬁed as T. tonsurans by culture and as T. interdigitale by
PCR might be a case of morphological misidentiﬁcation,
because T. tonsurans is extremely rare on nails in northern
Europe [5]. Another sample was identiﬁed as T. rubrum by
morphological typing, as T. interdigitale by PCR, and as
T. interdigitale by sequencing of the ITS1 region. This indicates
that typing by the duplex PCR is more reliable than typing by
the morphological method.
The ﬁve samples with divergent results from morphological
typing and PCR, along with the sample that was positive in the
pan-dermatophyte PCR but negative by culture, were all
analysed by sequencing of the ITS region. Unfortunately, the
sequencing only succeeded in three out of six samples. The
sequencing method we use at our laboratory requires a high
TABLE 4. Results from examination of 202 clinical samples
by conventional culture/morphology, pan-dermatophyte and
duplex PCR
Clinical specimens (No.)
Positive clinical samples
PCR
Culture
No. (%)
Pan-dermatophyte
No. (%)
Duplex PCR
No. (%)
Nail (152) 74 (48) 83 (55) 60 (39)
Skin (42) 16 (38) 16 (38) 16 (38)
Hair (4) 0 0 0
Skin + Hair (1) 0 0 0
Nail + Skin (2) 1 (50) 2 (100) 2 (100)
Unknown (1) 1 (100) 1 (100) 1 (100)
Total (202) 92 (46) 102 (50) 79 (39)
TABLE 5. Results from latent class analysis
Test Speciﬁcity Sensitivity PPV** NPV**
Culture 0.97* 0.77* 0.96 0.82
Pan-dermatophyte PCR 0.99* 0.92* 0.99 0.93
Duplex PCR, 0.97* 1.0* 0.97 1.0
Composite PCR** 0.96 1.0 0.96 1.0
*LCA estimates.
**Calculated values from LCA estimates.
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amount of extracted fungal DNA, which is not always obtained
from clinical samples.
To our knowledge, there are only a few other methods that
have been published regarding this subject; among them is the
study by Brillowska-Dabrowska et al. (2007). In that study, they
present a duplex PCR method with a pan-dermatophyte and a
species-speciﬁc detection of T. rubrum. The PCR products are
visualized on an agarose gel and identiﬁed by molecular weight
[5]. The method we present here is based on real-time PCR and
melting point analysis, which is easier and more practical in a
routine laboratory when many samples are processed simulta-
neously. In our assay we automatically extract pure fungal DNA
that will minimize the risk of inhibition of the PCR, and this is the
reason why we have chosen not to use an internal control.
Bergmans et al. [8] published a method in 2010 based on
automated DNA extraction. Their method can detect and
identify 11 different dermatophytes, while our diagnostic
method can detect all dermatophytes using the pan-dermato-
phyte PCR, and we expect few false negatives.
If the clinician wants to know the identity of a pan-
dermatophyte-positive sample that is negative by species-
speciﬁc PCR, there is a possibility to perform sequencing of the
ITS1 region on the same nucleic acid extract. If such sequence
analysis fails, a new sample for culture and morphological
identiﬁcation has to be taken.
The method described in this paper will be used at the
microbiology laboratory in Sk€ovde for detection of all
dermatophytes, including identiﬁcation of T. rubrum and T. in-
terdigitale directly from nail samples and skin-fragment
samples from the feet. Skin samples from other parts of
the body than the feet will be cultured in the future, due to
the high prevalence of non-rubrum species present at these
locations.
The material costs for this new PCR assay are almost the
same as the costs for the conventional culture method based
on morphological typing. The advantages with the PCR-based
method are that it is less laboratory-intensive, it has a higher
detection rate and it is much faster than culturing.
In the absence of a reference standard, LCA was chosen to
evaluate the accuracy of the tests. LCA mapped the test results
against a computer model consisting of the two PCR tests and
the culture test, one population and one latent class, which is
the prevalence of dermatophytes. LCA showed high speciﬁcity
and high sensitivity for all PCR methods. The sensitivity of
duplex PCR was estimated to 1.0; this is due to the fact that
there was no sample positive by both the other methods and
negative by duplex PCR. However, there was one sample
positive by pan-dermatophyte PCR that was negative by duplex
PCR. If that sample had been grown in culture the estimated
sensitivity of the duplex PCR would have been lower than 1.0,
FIG. 2. Accumulated number of positive samples as a function of PCR cycles for the pan-dermatophyte and duplex PCR tests.
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and in consequence so would the estimated sensitivity of the
composite PCR method.
To enhance the LCA analysis a fourth test could be
incorporated into the model, such as direct microscopy and/or
a second population/multicentre test. Culture was estimated
to have high speciﬁcity and moderate sensitivity. It is known
that direct microscopy is a more sensitive method than the
conventional culture method, but lacks speciﬁcity. If direct
microscopy had been performed on the clinical samples, as a
fourth test, this would have added information to the LCA
model. Incorporating direct microscopy into LCA would also
make it possible to evaluate the composite performance of
that test in combination with culture.
In summary, this new method based on automated DNA
extraction and real-time PCR followed by melting-point
analysis, gives us a diagnostic tool that has a higher sensitivity
and is signiﬁcantly faster than the conventional culture method
for detection of all dermatophytes and identiﬁcation of
T. rubrum and T. interdigitale.
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